Abstract: Most research on biochar has focused either on the mechanistic or the biophysical aspects, and there has been relatively little research into the social applicability and acceptance of biochar as a soil enhancer in agriculture. However, whether to adopt biochar in their practice is ultimately the farmers' decision, and their willingness to do so is crucial. Here, we show the producer's perspective on adopting biochar, using Polish farmers as a case study. Poland is an interesting case study because biochar has only recently attracted the attention of researchers, entrepreneurs, and other stakeholders there. We performed standardized, semi-structured interviews with 161 Polish farmers to evaluate the socioeconomic potential of biochar application in practice. We found that 27% of the respondents claimed to be familiar with biochar. The respondents with a technical, non-agricultural level of education were most familiar with the term 'biochar' (36%), followed by the group of respondents with a higher-level agricultural education (31%). It was surprising that among the latter respondents, the majority (69%) did not know the term 'biochar', either in the context used for this study or in any other context. Twenty percent of the respondents expressed an interest in using biochar, while 43% were not willing to adopt it in their agricultural practice (37% 'did not know yet'). If a farmer was familiar with the concept of sustainable agriculture, the probability of familiarity with biochar increased by 16% (p < 0.05). In addition, farmers interested in using biochar indicated that sustainable agriculture might improve the financial situation of their farms (52%). The perceived benefits of biochar that drive the willingness to adopt it included improved soil quality and increased income due to increased yields, while the constraints on its adoption were associated mainly with high costs. Our results also point to the necessity of information flow as well as engaging farmers in participatory research to adjust the research to their needs. Furthermore, our results highlight the importance of transparency with the farmers and appropriate dissemination and presentation of both the positive and the negative aspects of biochar adoption. We urge those studying biochar to engage in more interdisciplinary research and to go beyond laboratory and field research. Many innovations, even those that work, will not be adopted if socioeconomic considerations are not incorporated into the research.
Introduction
Biochar is a carbonized substrate that in recent years has increasingly attracted scientific attention [1] . Biochar is produced by thermal decomposition of biomass (such as crop residues) in an oxygen-limited environment called pyrolysis [1] . When added to soil, biochar can improve soil water-holding capacity [2] [3] [4] , soil pH [5] [6] [7] and may be used in soil remediation [8] . While a significant amount of research has been conducted worldwide, a wider interest in and research into biochar have only recently been reported in countries such as Poland [9, 10] . Among the countries where a number of biochar projects have been established, the United Kingdom, Germany and Finland lead research in Europe [11] . In Poland, the main aspects being researched are biochar's potential for soil bioremediation, its agricultural potential (Figure 1) , and its potential for energy purposes. For instance, pilot studies were conducted on biochar use in the remediation of soils, collected near copper smelters in Poland, that were multi-contaminated by heavy metals. The results suggested that biochar made from wheat straw and miscanthus in 2% addition to the soil is highly effective in reducing the bioavailability of Cu, Zn and Pb and the uptake by plants growing on highly contaminated soils [12] .
Biochar is a carbonized substrate that in recent years has increasingly attracted scientific attention [1] . Biochar is produced by thermal decomposition of biomass (such as crop residues) in an oxygen-limited environment called pyrolysis [1] . When added to soil, biochar can improve soil waterholding capacity [2] [3] [4] , soil pH [5] [6] [7] and may be used in soil remediation [8] . While a significant amount of research has been conducted worldwide, a wider interest in and research into biochar have only recently been reported in countries such as Poland [9, 10] . Among the countries where a number of biochar projects have been established, the United Kingdom, Germany and Finland lead research in Europe [11] . In Poland, the main aspects being researched are biochar's potential for soil bioremediation, its agricultural potential (Figure 1 ), and its potential for energy purposes. For instance, pilot studies were conducted on biochar use in the remediation of soils, collected near copper smelters in Poland, that were multi-contaminated by heavy metals. The results suggested that biochar made from wheat straw and miscanthus in 2% addition to the soil is highly effective in reducing the bioavailability of Cu, Zn and Pb and the uptake by plants growing on highly contaminated soils [12] . In addition, topics related to practical application of biochar has recently been taken up by several research institutions in Poland. For instance, in 2013 the Institute of Ceramics and Building Materials in Opole joined the international project entitled Environmental and Economic Benefits from biochar clusters (E2BEBIS) focused on the environmental and economic benefits resulting from the creation of biochar clusters in Central Europe (www.e2bebis.eu). The main objective of the project was to increase public awareness of the technology of production and application of biochar as a new 'green' product. Other research institutions such as Wroclaw University of Environmental and Life Sciences, Czestochowa University of Technology [2, [12] [13] [14] [15] [16] [17] [18] , Poznan University of Life Sciences [2, 12, 14, 15, 17] , University of Life Sciences in Lublin [19] are also conducting research focused on biochar use. However, to date, most of the research in Poland has been related to the presentation of the 'current state of the art' and most of the published research is of a 'review' nature [2, 12, 14, 20, 21] , although some of these institutions have long-term experience with biochar research (e.g., [13, 15, 18, 19] ). Although an increasing number of research and development projects from both research institutions and private companies is visible in Poland, most of this research is in preliminary stages when compared to the experience (counted as number of articles published) of Western Europe, the United States or Australia.
Considering biochar use in Poland is timely for other reasons. Poland is a major agricultural producer in Europe, and agricultural lands make up 50% of its total land area. Poland is also a major exporter of agricultural products; for example, in 2013, it exported the highest quantity of apples in In addition, topics related to practical application of biochar has recently been taken up by several research institutions in Poland. For instance, in 2013 the Institute of Ceramics and Building Materials in Opole joined the international project entitled Environmental and Economic Benefits from biochar clusters (E2BEBIS) focused on the environmental and economic benefits resulting from the creation of biochar clusters in Central Europe (www.e2bebis.eu). The main objective of the project was to increase public awareness of the technology of production and application of biochar as a new 'green' product. Other research institutions such as Wroclaw University of Environmental and Life Sciences, Czestochowa University of Technology [2, [12] [13] [14] [15] [16] [17] [18] , Poznan University of Life Sciences [2, 12, 14, 15, 17] , University of Life Sciences in Lublin [19] are also conducting research focused on biochar use. However, to date, most of the research in Poland has been related to the presentation of the 'current state of the art' and most of the published research is of a 'review' nature [2, 12, 14, 20, 21] , although some of these institutions have long-term experience with biochar research (e.g., [13, 15, 18, 19] ). Although an increasing number of research and development projects from both research institutions and private companies is visible in Poland, most of this research is in preliminary stages when compared to the experience (counted as number of articles published) of Western Europe, the United States or Australia.
Considering biochar use in Poland is timely for other reasons. Poland is a major agricultural producer in Europe, and agricultural lands make up 50% of its total land area. Poland is also a major exporter of agricultural products; for example, in 2013, it exported the highest quantity of apples in the world [22] . However, Polish agriculture is characterized by low productivity compared with that of western European countries, and there is potential to sustainably increase yields [23] [24] [25] . Such a strategy has been promoted in recent years by researchers and various organizations as a way to produce more from a limited area in an environmentally and socially responsible manner [20, 26] . Biochar could therefore be a potential tool for sustainably increasing agricultural productivity in Poland, especially given the predominance of small to medium-sized farms (the average size of a farm in Poland is 10.38 hectares) [22] . The main crops cultivated in Poland are wheat and rye [22] ; the productivity of these crops is below the sustainable potential [24] , and there is a need to improve the adoption rate of new approaches aimed at increasing productivity while minimizing adverse environmental effects. The potential of biochar for carbon sequestration is also an interesting angle in Poland, particularly given the international pressure to diminish carbon emissions in a country with limited options [10] .
The most commonly investigated aspects of biochar are the source of the biomass, the means of production, and whether and how it is applied to soil [1, 27] . The social aspects, even though they are crucial for the ultimate adoption of biochar in agriculture, have been poorly reported. When considering the overall opportunities and risks of biochar systems, four factors must be taken into account: the impacts on soil health and agricultural productivity, the impacts on climate change, the competing uses of the biomass, and the social impacts [28] . Scholz and colleagues [28] described social impacts connected to biochar's appeal to energy efficiency, health, economics, and food security. Their findings indicated that the main barriers to implementing biochar in agricultural practice are social and cultural. Among the sociocultural barriers mentioned were people's resistance to new approaches to development, a lack of available biochar, a lack of technology for biochar production, a lack of information about the properties of biochar, and farmers' skepticism [28] . They highlighted the necessity of future research on the social aspects of biochar systems related to technology adoption.
Conte and colleagues [11] reviewed the main biochar research questions in Europe, and none of those questions focused on the social aspects. Bjerregaard [29] presented a comprehensive analysis of incorporating social research into the study of biochar as a new technology with a range of stakeholders in Denmark. Some of the potential barriers to farmers' adoption reported in the literature include the cost, lack of interest, and lack of trust that the results will be worth the investment.
To our knowledge, studies that involve farmers-who are key to adopting biochar in their practice-are scarce. Few studies consider farmers' perspectives on whether biochar is a potential alternative as a soil enhancer. However, literature shows that the adoption of agricultural technologies is a complex process, affected by a range of factors [4, 30] . Financial and technological aspects of agricultural development have often been highlighted in the studies on the adoption of new tools, often omitting crucial social and cultural aspects that fundamentally govern the adoption of new tools and technologies [31] . In the case of biochar, the economic aspect of production and application in real-world systems is still under-researched [32, 33] . Even though cost-benefit analyses from developed countries such as the USA or UK exist, they are focused on large-scale profit-making enterprises rather than the decision-making environment of smallholder farmers [34] [35] [36] .
However, the producer's perspective is critical for the long-term success of any innovation. An example is a project to improve the fertility of soil formulations containing beneficial microorganisms. In that project, it was observed that in Poland, farmers with acreage below 100 ha were reluctant to implement technological innovations, while large-scale farmers showed much greater interest. This reluctance was related to the desire to limit production costs. Obviously, a small-scale farmer is less likely to spend financial resources on innovations because of the losses that may be incurred. These results, however, contradict situations observed in other countries. For example, in Brazil, small-scale farmers are more prone to adopt innovations because they gain more based on scale than do farmers with larger operations [6] .
It has become increasingly clear that socioeconomic concerns cannot be overlooked if any initiative aimed at sustainable land management is to be successful in the long term. The producer's perspective is paramount to understanding how biochar may be applied in practice, and if biochar is to bring environmental and economic benefits, it must go beyond presenting promising results in laboratory research and be adopted at the individual farm scale. A range of innovations that have been shown to increase productivity, to be environmentally friendly, and to have other potential economic benefits to the farmer have not been adopted. Anecdotal evidence has shown that a lack of interest, saturation of the market, and price were among the reasons for market failure. Research into biochar in Poland is very limited and requires a deeper understanding of the environmental and socioeconomic impacts [13, 14, 37] .
The objective of this study is to report opportunities and constraints associated with the potential use of biochar as perceived by farmers in Poland. To this end, we performed semi-structured personal anonymous interviews with the farmers. The use of social research in the field of environmental protection allows for in-depth knowledge of people's positions regarding such environmental issues as sustainable agriculture and the use of biochar on the farm. More importantly, it helps us understand what courses of action should be followed in shaping environmental policy. Hence, there is a growing need for interdisciplinary research combining such seemingly disparate research areas as agricultural science and social science. The success of any attempt to implement better land management practices through the use of biochar may be undermined by the different priorities of the producers or other barriers that were not explored. In addition, incorporating biochar into a farmer's practice may require specialized knowledge and technical assistance. Unless these barriers are understood, reduced, or eliminated, a shift towards more productive agriculture based on biochar may be heavily constrained [38] . To our knowledge, this study is the first to look into the producer's perspective about biochar in Poland. We draw attention to the importance of this type of study in the overall field of biochar research.
Methods

Literature Review
The first stage of the study was the literature review, which was performed in English and in Polish. The script for the search included the words 'social aspects of adopting biochar', 'biochar AND decision making', 'biochar AND social acceptance', 'biochar AND adopting in agricultural practice', and 'biochar AND use in practice'. The literature search was conducted with search engines such as Google Scholar, Web of Science, and Scopus as well as through general Internet websites. Little information (and even less peer-reviewed material) was retrieved that dealt exclusively with the social aspects of the use of biochar.
Survey
To obtain information about farmers' perspectives on the adoption of biochar, we opted for anonymous, semi-structured personal interviews with the farmers. This approach was considered superior to other methods (e-mail questionnaires, focus groups, phone interviews) given the farmers' profile (the semi-structured interview gave them an opportunity to explain if something was not understood), increased response rate, and percentage of finished questionnaires.
The standardized questionnaire consisted of 20 questions divided into five parts: (i) information about the farm (e.g., location, type of husbandry, equipment used); (ii) perceptions about sustainable agriculture (understanding and implementation of sustainable agriculture, practice of environmental restoration); (iii) waste management (type and volume of organic and nonorganic waste production at the farm, utilization of management practices); (iv) biochar (familiarity with the concept of biochar, interest in biochar, willingness to adopt biochar in the farm practice, potential biochar production), and (v) personal data (e.g., age, education, source of income). A copy of the questionnaire is included in the Supplementary Materials.
The questionnaire was formulated in non-scientific language. While undergoing interviews, the respondents could ask for clarification, which would be given in nontechnical language. Given that the term 'biochar' can be used in other contexts, we gave a definition of biochar (Box 1) and provided further clarification whenever necessary to assure that the respondent's meaning aligned with that of the interviewer. The development of the questionnaire followed consultations with a range of researchers and technicians to ensure that the questions would be understood by the farmers. A pilot study was performed with seven farmers, after which further clarifications were incorporated into the full study.
Box 1. Definition of biochar as given in the questionnaire.
Biochar-char that is produced during the combustion of organic residues. Biochar is produced in special stoves at temperatures above 300 • C with little air. There is a large amount of biomass residue needed to produce substantial amounts of biochar. Biochar may be used in agriculture to improve soil pH, sorption properties, organic matter content and soil fertility. Biochar therefore may improve yields on poor and degraded soils. Biochar can also be used for energy production, bioremediation and carbon sequestration in soil.
Study Side and Profile of Respondents
Two principal provinces out of sixteen in Poland were chosen for this research. The provinces Opolskie and Małopolskie were chosen for a number of reasons. Both are agricultural areas; Opolskie is characterized by modern, increasingly large-scale agriculture, and Małopolskie has a significant proportion of small-scale farmers. There is an established relationship between the researchers and the farmers; therefore, the credibility of the responses can be assumed to be high. We performed 161 interviews with farmers in 2014 (selected by opportunistic sampling). A small number of interviews was also conducted with respondents from other provinces: Wielkopolskie (n = 5), Slaskie (n = 1), and Lodzkie (n = 1); however, the majority of the interviews occurred in Małopolskie (n = 80) and Opolskie (n = 74). The majority of the respondents had a technical education (agricultural-19%, n = 31; non-agricultural-17%, n = 28) or secondary education (agricultural-22%, n = 36; non-agricultural-14%, n = 22). Figure 2 shows the survey area and selected descriptive statistics. researchers and technicians to ensure that the questions would be understood by the farmers. A pilot study was performed with seven farmers, after which further clarifications were incorporated into the full study.
Two principal provinces out of sixteen in Poland were chosen for this research. The provinces Opolskie and Małopolskie were chosen for a number of reasons. Both are agricultural areas; Opolskie is characterized by modern, increasingly large-scale agriculture, and Małopolskie has a significant proportion of small-scale farmers. There is an established relationship between the researchers and the farmers; therefore, the credibility of the responses can be assumed to be high. We performed 161 interviews with farmers in 2014 (selected by opportunistic sampling). A small number of interviews was also conducted with respondents from other provinces: Wielkopolskie (n = 5), Slaskie (n = 1), and Lodzkie (n = 1); however, the majority of the interviews occurred in Małopolskie (n = 80) and Opolskie (n = 74). The majority of the respondents had a technical education (agricultural-19%, n = 31; nonagricultural-17%, n = 28) or secondary education (agricultural-22%, n = 36; non-agricultural-14%, n = 22). Figure 2 shows the survey area and selected descriptive statistics. Biochar-char that is produced during the combustion of organic residues. Biochar is produced in special stoves at temperatures above 300 °C with little air. There is a large amount of biomass residue needed to produce substantial amounts of biochar. Biochar may be used in agriculture to improve soil pH, sorption properties, organic matter content and soil fertility. Biochar therefore may improve yields on poor and degraded soils. Biochar can also be used for energy production, bioremediation and carbon sequestration in soil. 
Follow-Up Interviews
During the analysis of the results from the questionnaire, a number of questions were raised. For example, (i) Why would the farmers be (or not be) interested in adopting biochar in their practice? (ii) Where does their knowledge about biochar come from? (iii) What are the perceived benefits and limitations associated with the use of biochar? Therefore, we performed follow-up semi-structured interviews using the PAPI (paper-and-pencil interviewing) method during a conference for the farmers (n = 51).
Data Processing
The results from the interviews were transcribed into Excel and imported into the SPSS (IBM SPSS Statistics 23 for Windows, Armonk, NY, USA) for statistical data processing. Other statistical analyses included a log-linear analysis (probit and logit) to identify the correlation among socioeconomic variables (education, age, source of income, etc.) and the adoption of biochar (familiarity with the concept, willingness to adopt, etc.). Probit and logit analyses were performed using the R software package (R Core Team, Vienna, Austria, 2013). We also performed probit analysis to investigate which factors increased the probability that the farmer was familiar with biochar. Log-linear analyses assume that the observations are independent and random and that they can indicate correlations among several categorical variables. The results presented here are from a case study and do not have a representative character.
Results and Discussion
Familiarity with Biochar
Approximately one-third (27%, n = 44; Table 1) of the respondents claimed to be familiar with biochar. The probability that the respondents would know about biochar is 26% (Figure 3 
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Results and Discussion
Familiarity with Biochar
Approximately one-third (27%, n = 44; Table 1) of the respondents claimed to be familiar with biochar. The probability that the respondents would know about biochar is 26% (Figure 3) . These results are somewhat surprising. Bjerregaard [29] showed that only 5% of Danish farmers had heard of biochar. We stipulate that the difference between those results and ours may be due to different methodologies. In our study, the definition of biochar was given so the farmer could clearly understand the meaning. In addition, Bjerregaard's [29] results relied on interviews not only with the farmers but also with a range of stakeholders whose opinions might have differed significantly from those of the farmers [10, 39] . Additionally, our research was conducted a few years later, when the term 'biochar' had been known longer (although its use was relatively more recent in Poland). Finally, the farmers in Poland may have overestimated their familiarity with the term. These results are somewhat surprising. Bjerregaard [29] showed that only 5% of Danish farmers had heard of biochar. We stipulate that the difference between those results and ours may be due to different methodologies. In our study, the definition of biochar was given so the farmer could clearly understand the meaning. In addition, Bjerregaard's [29] results relied on interviews not only with the farmers but also with a range of stakeholders whose opinions might have differed significantly from those of the farmers [10, 39] . Additionally, our research was conducted a few years later, when the term 'biochar' had been known longer (although its use was relatively more recent in Poland). Finally, the farmers in Poland may have overestimated their familiarity with the term. The respondents from Małopolska province were more familiar with the term 'biochar' than those from Opolskie province (32% versus 25%). If a respondent was from the Małopolska province, the probability of him or her knowing the term biochar increased by 15% (p > 0.05, but p < 0.1; see the Supplementary Materials). We also observed an interesting correlation between the level of education and familiarity with the term. The term was best known among the group of respondents with a technical non-agricultural education (36%), followed by the group of respondents with a higher-level agricultural education (31%). It was surprising that the majority of the respondents (69%) among those with a higher-level agricultural education did not know the term, neither in the context used for this study nor in any other context (We asked whether the term biochar was known as given by us or in any other context as the term can be confused with charcoal or peat.). The highest level of familiarity with biochar was observed in the group of respondents who have run agricultural businesses for 10-20 years (40%), while the lowest level was in those who have run agricultural businesses for 5-10 years (17%; Table 2 ). 
Willingness to Adopt Biochar in Agricultural Practice
Familiarity with the term 'biochar' may have consequences for the level of interest in applying it in practice. One in five of the respondents (20%) expressed interest in using biochar. This finding is not surprising, given the early stage of familiarity with biochar. Some authors claim that if biochar becomes officially recognized as a tool for carbon soil sequestration (a goal of the International Biochar Initiative), and/or if farmers adopt biochar as part of their practice, it is likely that it will become a popular tool [29] . In Bjerregard's [29] study, this suggestion is supported by the other social groups' indications that they would quickly become involved in the use of biochar if these barriers were overcome.
In our study, 43% were not willing to adopt biochar in their practice, while 37% 'did not know yet'. As the question was open-that is, we deliberately did not provide possible answers-the respondents indicated various reasons to apply or not apply biochar, and there was no single dominant motive. Although not everybody answered the question (those respondents who indicated that they were not familiar with biochar did not answer it), some repeated reasons to use biochar were benefits for plants and animals, the ability to improve yields, the desire to care for the environment and human health, poor soil and the desire to improve it, the desire to improve low pH, and interest in new energy sources. By contrast, aversion to the use of biochar was supported by lack of access, costs, a feeling that the farm was too small, lack of opportunities, preference for other methods, and the use of biotechnology. A complete list of answers can be found in the Supplementary Materials.
The willingness to adopt biochar was higher in Małopolskie (22%) than in Opolskie (15%), corroborating our interpretation that familiarity with biochar impacts the willingness to adopt it. The cross-analysis of data on the level of knowledge and the willingness to use biochar confirms this argument. Among the respondents who had heard of biochar, 39% were interested in using it, 39% were not interested in using it, and 21% answered, 'I do not know yet'. However, in a group of people who had not yet heard about biochar, only 12% were interested in using it, 44% were not interested, and 43% answered, 'I do not know yet'. This result confirms the argument for the direct relationship between the knowledge of biochar and willingness to use it.
The willingness to adopt biochar is also dependent on how long the farmer has run his or her agricultural practice. We found that the farmers that run their agricultural businesses between 5 and 10 years are the most interested in adopting biochar within their farm activities ( Table 3 ). The farmers who have run their agricultural businesses for longer periods may be more conservative and may have set ways of running their farms, while people who have recently entered the business may be more open to innovations [10] . Among those respondents who wanted to apply biochar, 55% declared that they had some knowledge about it. In the case of those who disliked the idea or answered, 'I do not know yet', the lack of knowledge about biochar predominated (respectively, 75%, n = 51, and 85%, n = 50). The same tendency was confirmed in the relationship between the willingness to use biochar and knowledge about the concept of sustainable agriculture. Among those respondents who were willing to use biochar, the level of knowledge about the concept of sustainable agriculture was approximately 74% (n = 23), whereas among those rejecting such a possibility, the level of knowledge about sustainable agriculture was 66% (n = 4). Indeed, if a farmer is familiar with the concept of sustainable agriculture, the probability of his or her being familiar with biochar increases by 16% (p < 0.05; Figure 4 ). We therefore anticipate that the willingness to adopt biochar is related to knowledge about it. One of the questions was about whether the concept of sustainable agriculture was an opportunity to improve the profitability of farms. The answer 'yes' was indicated by 34% (n = 54) of the respondents, 'no' by 18% (n = 28), and 'I do not know' by approximately 48% (n = 75). Farmers interested in using biochar also indicated that sustainable agriculture might improve the financial situation of the farm (52%). Willingness to adopt biochar was also related to the perception of the farmer regarding whether sustainable agriculture might improve the rentability of the farm. Farmers who were not interested in adopting biochar, or who answered 'I do not know', were mostly unable to specify whether sustainable agriculture could improve their financial situation. This result is not surprising. Biochar may be associated with the idea of 'pro-ecological solutions', and a farmer who considers that sustainable agriculture has a positive effect on the farm's finances may be more willing to adopt biochar. Therefore, the economic aspect of the use of biochar or any other technique is extremely important. However, the use of biochar may have more than economic benefits (carbon sequestration, etc.); some farmers may be more environmentally-conscious and will want to adopt it for those reasons. Some farmers in Poland take a highly pragmatic approach to sustainable management of their farms [40] . Even though seemingly not in favour of environmental management, they do not overuse pesticides and other potentially harmful substances merely to minimize the costs.
Few farmers (8%) were interested in producing biochar, and the probability that a respondent would be willing to produce biochar was very small (5%; Supplementary Materials). Sixty percent of the respondents were not interested in producing biochar; however, 30% answered, 'maybe'. We also found interesting statistically significant differences between willingness to produce biochar and other variables. If the farmer had an interest in using biochar, the probability of willingness to produce biochar increased significantly by 19% (Supplementary Materials). If the farmer was familiar with the concept of sustainable agriculture, the chance of willingness to produce biochar increased by 6%.
The respondents who were interested in biochar production indicated slurry, forestry residues, straw, power plants and wood waste as potential sources of residues for producing biochar. The most frequently mentioned potential source was straw (mentioned 7 times). It was not possible to note any significant relationship between willingness to use biochar on a farm and the amount of waste produced on the farm, because the willingness to use biochar was indicated by farmers producing a small amount of waste (20-120 t/year), the average amount (800 t/year), and a huge amount (40,000 t/year). However, in the case of interest in biochar production and the level of waste produced, the willingness expressed by farmers was highest among those who produced at least 500 t/year of organic waste. However, we must remember that there were not many positive answers. The level of interest in biochar production in cooperation with other producers was at a level similar to that of interest in producing it on their own farms: 7% of the respondents were interested, 55% lacked interest, and 38% answered, 'maybe'.
In response to the question regarding the problems faced by farmers in everyday practice, lack of funds was the most frequent answer (lack of money for better equipment-53% and lack of money One of the questions was about whether the concept of sustainable agriculture was an opportunity to improve the profitability of farms. The answer 'yes' was indicated by 34% (n = 54) of the respondents, 'no' by 18% (n = 28), and 'I do not know' by approximately 48% (n = 75). Farmers interested in using biochar also indicated that sustainable agriculture might improve the financial situation of the farm (52%). Willingness to adopt biochar was also related to the perception of the farmer regarding whether sustainable agriculture might improve the rentability of the farm. Farmers who were not interested in adopting biochar, or who answered 'I do not know', were mostly unable to specify whether sustainable agriculture could improve their financial situation. This result is not surprising. Biochar may be associated with the idea of 'pro-ecological solutions', and a farmer who considers that sustainable agriculture has a positive effect on the farm's finances may be more willing to adopt biochar. Therefore, the economic aspect of the use of biochar or any other technique is extremely important. However, the use of biochar may have more than economic benefits (carbon sequestration, etc.); some farmers may be more environmentally-conscious and will want to adopt it for those reasons. Some farmers in Poland take a highly pragmatic approach to sustainable management of their farms [40] . Even though seemingly not in favour of environmental management, they do not overuse pesticides and other potentially harmful substances merely to minimize the costs.
In response to the question regarding the problems faced by farmers in everyday practice, lack of funds was the most frequent answer (lack of money for better equipment-53% and lack of money to improve the soil conditions-43%). In general, Polish agriculture is overinvested compared with agriculture in other European countries. Every farmer wishes to have his or her own tractors and other equipment, even when such items could be shared, which might be better from an economic point of view [20] . Other responses indicated the problem of soil quality resulting from its low value (42%) and acidification (38%). Less frequent answers were soil retention-either too much or too little (29%), low humus content in the soil (28%), and technical infrastructure issues (19%). Respondents could indicate any other issues, which 12 of them did. The most common problem was damage caused by forest animals (5 responses); others were too much fragmentation of the fields (2 responses), lack of drainage, inconsistent laws, and outlet problems. In addition, the problem of soil acidification seems to be an insufficient argument for convincing farmers to use biochar. Among the respondents who indicated soil acidification as a problem, 24% would be interested in using biochar, 35% were not interested, and 37% answered, 'I do not know yet'.
There is little information about the propensity of farmers to adopt biochar. Research has focused instead on analyses of biochar's appropriateness for adoption. Such an assay has been conducted, for example, with a small group of respondents on the island of Haiti [41] . One aim of this study was to determine the appropriateness of biochar pyrolysis technology to increase crop yields and improve soil health. Data were collected based on 30 individual interviews and three focus groups. Delaney [41] presented key factors in the successful adoption of biochar use, such as education about biochar and a variety of pyrolysis technology options among which villagers could choose. An action-oriented plan was developed for use by development organizations, communities, and governmental institutions to increase the likelihood of adoption.
Clare et al. [32] investigated farmer perspectives on biochar in four contrasting Chinese agricultural systems, using linear optimization models and qualitative contextual data. Their assessment demonstrates that biochar research in China should shift away from on-farm production and use of pure biochar towards combined biochar-inorganic fertilizers and that commercially produced biochar is uneconomic as an independent farming input [32] .
Biochar solutions should be addressed to specific situations. The implementation of biochar systems requires a highly location-specific understanding of people and their needs, values, and expectations. Certain sociocultural barriers to the adoption of biochar projects that were identified in a survey [42] included lack of awareness of biochar and a need for education and demonstration projects to show farmers that making and using biochar would be worth their time and labour despite the restricted availability of biochar production technologies and environmental concerns related to changing resource use patterns.
What Drives Farmers' Interest in Adopting Biochar?
The follow-up study of the drivers of interest in biochar was performed with 51 farmers. We confirmed that familiarity with biochar is related to the interest in applying it at an individual farm. Sixty-seven percent of the respondents claimed to be familiar with biochar, and 35% were interested in using it on their farms. Regarding the sources of this knowledge, the conference about biochar proved to be the major source of information (53%). Eight percent mentioned articles related to alternative energy sources and 6% of the respondents referred to the Internet. However, no information about biochar had been acquired from media (such as television, radio, or magazines), training courses, or any instructional material related to biomass utilization. Among the respondents who had received information about biochar during the specialized conference, 59% were interested in its use. Showing both the positive and negative sides of using biochar (as presented during the conference), had seemingly convinced most of those respondents to consider biochar application in practice.
Among the respondents, the vast majority had a very positive attitude towards ecology. For 74% of the respondents, ecology is very important; for 22%, it is important. Only 4% of respondents have an indifferent attitude to ecology, and no one from the surveyed people revealed that this issue is not important. The correlation between a positive attitude towards ecology and willingness to use biochar shows that the better the attitude towards ecology, the greater the willingness to use biochar, which confirms our previous conclusions regarding sustainable agriculture. In addition, among the respondents declaring that ecology is very important, 42% were willing to use biochar and 58% declared reluctance, while among the respondents declaring that ecology is important, 18% would apply biochar and 82% would not.
Regarding the question about benefits and the concerns associated with the use of biochar, the greatest benefit indicated by the respondents was improving the soil quality (50%). In turn, the greatest concerns were related to the cost (52%) and the uncertainty whether biochar will work (26%).
Conclusions
Knowledge of the social aspects of biochar is essential if biochar is to be adopted in agricultural practice in Poland and elsewhere. However, little attention has been paid to this aspect of biochar research. We present here the results of the first study in Poland, and one of the first in Europe, of the factors that affect farmers' propensity to adopt biochar as well as its possible consequences for sustainable management of their farms. We also discuss other implications for more sustainable agriculture. Our results suggest that the probability of using biochar is 19%, and it increases to 27% if the farmer is familiar with biochar. We also observed that it is important to present both the positive and the possible negative consequences of biochar application in soil, as was done at the thematic conference with the farmers, because this approach increases the farmers' confidence in the information. The results of this research therefore distinctly show a relationship between knowledge about biochar and the willingness to use it. The size of the farm, the amount of organic waste produced, the level of education, and the age of the respondents does not affect the potential use of biochar.
The main argument in favor of biochar indicated by the respondents was the improvement of soil quality, while the main concern was the cost. It is of the utmost importance to include this kind of research in the overall agenda of biochar research, as the utility of biochar in agriculture ultimately depends on the willingness of the farmer to adopt it in practice.
